
NASA-CR-203313

Semi-annual EOS Contract Report -- Report #60

Period: July 1 - December 31, 1996

_9 c"IT

Remote Sensing Group (RSG), Optical Sciences Center (OSC) at the University of Arizona

Principal Investigator: P. Slater

Contract Number: NAS5-31717

Report compiled by: K. Thome

Summary: Work by members of the RSG during the past six months consisted of Science Team

support activities including the attendance at meetings related to MODIS and ASTER and

submission of ATBDs and validation plans. Several members presented papers at the Denver

SPIE meeting. The VNIR and SWIR Cross-Calibration Radiometers were used as part of a

cross-calibration experiment looking at calibration sources being used for MTPE sensors. The

spherical collector for the diffuse-to-global meter was completed. A field campaign was used

to collect data to evaluate the angular response of the spherical collector and another campaign

was used to test the completed prototype of the diffuse-to-global meter. A sensitivity analysis

of vicarious calibration over dark targets was completed and a field campaign to Lake Tahoe was

made to collect data in support of dark-target calibration work. The uniformity of the BRF meter

was tested with our 40-inch SIS and the system was used to collect a BRF data set during a

September campaign to White Sands. Data to evaluate the Cimel TIR radiometer were processed

and presented to Cimel.

Introduction: This report contains nine sections. The first eight sections present different

aspects of work performed under our contract. If appropriate, each section covers five areas; task

objective, work accomplished, data/analysis/interpretations, anticipated future actions, and

problems/corrective actions. The first eight sections are: 1) Science team support activities; 2)

Cross-calibration radiometers; 3) Bi-directional reflectance distribution function (BRDF) meter;

4) Diffuse-to-global meter; 5) TIR field radiometer; 6) Calibration laboratory; 7) Algorithm and

code development; and 8) Field experiments and equipment. The ninth section contains

information related to faculty, staff, and students.
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Science Team Support Activities: This section refers to all work performed in support of

MODIS and ASTER team activities as well as work performed for other sensor teams. Over the

past six months this included the attendance at team and other related meetings and completing

assigned action items.

ASTER Activities: K. Thome and E. Zalewski attended the US ASTER Science Team

meeting in Yokohama, Japan on December 2 where the two presented results from the joint,

vicarious-calibration campaign held at Lunar Lake last June. The two also attended the Joint

ASTER Science Team meeting in Yokohama from December 3-6. Zalewski co-chaired the

radiometric calibration working group meeting. Thome presented the results of the Lunar Lake

campaign to both the radiometric calibration working group and atmospheric correction working

group. He also presented results of the SWAMP Land Workshop and ATBD reviews of the

surface reflectance retrieval to the atmospheric correction working group. P. Slater, Thome and

Zalewski attended the ATBD review of land products held at GSFC December 10 and 11.

Because of the considerable interest by the attendees at the joint ASTER Science Team

meeting to convene a second joint, vicarious-calibration campaign, Zalewski chaired an ad hoc

meeting to discuss this proposal. It was felt that because ASTER is unique in having two

vicarious calibration teams - US and Japanese - some early decisions had to be reached in order

to enable both teams to adequately prepare. During the ad hoc meeting it was decided to conduct

the 1997 campaign during June at the Lunar Lake - Railroad Valley location and that during the

prior week instrument cross-calibration checks will be done in a laboratory environment. At

Goddard on December 12, Zalewski met with J. Butler, R. Barnes, and B. Guenther to convey

the results of the Yokohama meeting and to plan for wider participation in the June campaign.

Slater submitted viewgraphs describing the validation plans, using vicarious calibration,

for ASTER- and MODIS-derived top-of-atmosphere (TOA) radiances and Zalewski submitted

Validation Plan documents for these two topics. Thome submitted a revised version of the

ATBD for the atmospheric correction of ASTER to the EOS project science office and a revised

version of the validation plan for the atmospheric correction to S. Hook of JPL. Thome sent

comments to A. Schwarz of JPL regarding the ASTER Product Generation System Test Plan.

MODIS Activities: Zalewski attended the MCST ATBD IR Audit at Wisconsin on August

28 - 29. Slater and Zalewski attended the MCST ATBD Solar-reflective Audit at Goddard Space



Flight Centeron September5 - 6. S.BiggarattendedaMODIS QuarterlyManagementReview

at GoddardSpaceFlight CenterSeptember18and 19. Varioustest resultswere presentedby

SBRSwith a discussionof how to interprettheresults,if anytestsshouldbe redone,andwhether

it is possibleto cancelsometesting. Biggar investigatedthescanmirror emissivityproblemon

MODIS as it relates to the thermal calibration. Slater and Zalewski attendeda MODIS

CalibrationmeetingonOctober8 andtheMODIS ScienceTeamMeeting,October9 - 11. They

alsoattendedtheMODIS validationreviewin Columbia,MarylandonNovember20whereSlater

gave a 45 min presentationon the validation of MODIS top-of-atmosphereradiancesusing

vicariouscalibration.

Other EOS Related Activities: Biggar, Slater and Zalewski attended the EOS Calibration

Meeting at Goddard Space Flight Center on 9 -11 July. Slater summarized the status of the

calibration of the ASTER sensor subsystems, reviewed the First Joint Vicarious Calibration Field

Campaign, gave a description of solar-radiation-based calibration (SRBC) including results of a

recent comparison, made by Biggar, of SRBC and lamp-based calibrations of his VNIR

radiometer, and lead a discussion on future plans for joint vicarious calibration activities. Biggar

presented uncertainty analysis results for the SRBC approach and also presented data from the

VNIR CCR.

Biggar, K. Scott, Slater, Thome, and Zalewski attended the Denver SPIE meeting August

5-7. Biggar served as session chair for an EOS session and presented a paper on the radiometric

cross-calibration of HYDICE. Slater chaired a session on HYDICE characterization and gave

a paper on the in-flight radiometric stability of HYDICE. Zalewski gave a paper on the

laboratory and on-board calibration of HYDICE. Thome presented papers on a reflectance-based,

vicarious calibration of HYDICE and a sensitivity analysis of the ASTER atmospheric correction.

Scott presented results of a study of characteristics needed for in-flight cross-calibration of large

footprint sensors.

Slater, Thome, and Zalewski attended a calibration workshop in Toulouse, France

September 18-20 where they presented papers on SRBC, proposed calibration of VEGETATION

by reference to SPOT-4, and the calibration of HYDICE, respectively. The three also attended

the EUROPTO meeting in Taormina, Italy from September 23-26 where Thome presented a

paper (with K. Arai of Saga University as first author) on the recent Lunar Lake experiment and
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resultsof last year'sLake Tahoeexperiment(with R. Paradaof RSG as leadauthor). Slater

chairedtwo sessionson sensorcalibrationandwasco-authorof two papers.

Slaterand Zalewskimet with R. BarnesandJ. Butler (GSFC),andC. Johnson(NIST),

on October 7 to discussplans for internationalcollaborationin Vicarious Calibration field

campaigns. Slaterprovided a list of about60 inviteeswhom Butler subsequentlyemailed.

During the week of December2, Slaterattendedthe CEOS/IVOSworking group meetingon

Calibration/Validationat DLR near Munich. He gave a talk on the validation of MODIS

calibrationemphasizingthedesirabilityof internationalparticipationin field campaignsasbeing

plannedby Butler. Interestin participatingwas expressedby C. Mutlow (ATSR), P. Teillet

(from CCRS)andE. Attema(from ESA). Thomeattendedthe SWAMPmeetingat GSFCon

October17and 18. B. Crowther'spaperdescribingthe MonteCarlosimulationof integrating-

spheremodelingusedto designthecollectorfor thediffuse-to-globalmeterappearedin Applied

Optics.

Cross-Calibration Radiometers: This section describes work to design, fabricate, test, and

calibrate a set of preflight cross-calibration radiometers (CCRs). These radiometers are to cover

the wavelength region from 400 to 2500 nm. To accomplish this, two radiometers have been

constructed, each optimized for a specific portion of the spectrum. They will have very low stray

light and polarization responses, exhibit sharp, well-def'med fields of view and spectral response

profiles, and be ultrastable with respect to temperature and time. The radiometers have been used

to provide an important independent calibration and cross-calibration of the calibration facilities

used by the Phase C/D contractors.

Biggar and P. Spyak took part in cross-calibration experiments involving calibration

sources for MTPE by traveling to Santa Barbara and Pasadena for measurements of the MODIS

spherical integrating source (SIS) from August 12-14, the Landsat SIS on August 15, and the

MISR SIS on August 17 and 19-21. Both radiometers performed well. Biggar and Spyak sent

preliminary results of the cross-calibration experiments to C. Johnson of NIST. In November,

the two also participated in a cross-calibration experiment in Japan of the ASTER calibration

sources at NEC (VNIR) and MELCO (SWIR). Biggar used the VNIR CCR to measure NEC's

1-m SIS on November 6-8 and 11 at NEC in Yokohama. He was joined by Spyak on November



11. Both the VNIR and SWIRCCRsweremovedtO MELCO on November 11 where Spyak

measured the MELCO SIS from November 12-15 using the SWIR CCR. Preliminary results

were presented in Japan during daily meetings and all preliminary data were again provided to

C. Johnson. The stability and repeatability of the measurements of the two ASTER spheres was

quite good.

VNIR CCR: The objective of this project is to design and build a 400- to 900-nm cross-

calibration radiometer, test this radiometer, and write control and data acquisition software. This

radiometer is compared directly to NIST-calibrated and NIST-traceable standards of spectral

irradiance. Biggar designed the radiometer with three silicon detectors in a "trap" configuration.

Spectral selection is through interference filters, and two precision apertures determine the field

of view. Heating the detector assembly, filters, apertures, and amplifier to a stabilized

temperature, a few degrees above ambient, provides thermal control of the system. The system

uses a high accuracy voltmeter connected via GPIB to digitize the amplifier output. A

commercial datalogger digitizes ancillary information such as detector temperature, and controls

the amplifier gain through digital output ports. This datalogger sends the serial digital data to

an MS-DOS compatible computer.

Biggar did radiance calibrations of the VNIR radiometer on 30 July. His estimated

uncertainties are less than 3% with respect to absolute using a NIST-calibrated irradiance

standard. The results matched a calibration done earlier in the year to better than 0.5%. Biggar

made multiple measurements of our 6-inch Spectralon SIS prior to, during, and after the trips to

California and Japan mentioned above. These measurements show that the radiometer and sphere

in combination have not changed significantly in responsivity and that the radiometer is

repeatable. Biggar modified the 6-inch SIS shipping case to allow him to ship the docking

station for the notebook computer to allow easier GPIB connections. He installed a GPIB card

into the docking station for a more reliable connection to the VNIR CCR. E. Nelson continued

work on the second version of the VNIR CCR.

For the measurements in Japan with the VNIR CCR, the NEC sphere was run at the 3

ASTER VNIR calibration levels (one for each band) and the band 1 level was repeated on

November 11. The NEC sphere calibration values (radiance) were band averaged over the

spectral bands of the UofA VNIR CCR. Those band-averaged results were compared to the



measurementsmadeby the radiometer. Theresultswereconsistentfor all threebands. The

generalresultwas that theradiometermeasurementswerehigher thanthe NEC valuesat short

wavelengthsand lower at long wavelengths. The ratios of the UofA radiancesto the SIS

calibrationvaluesfrom NEC rangedfrom 0.985to 1.064for all sevenbandsof the VNIR CCR

and the threeSISoutput levels. However,for ASTERbands1 and 2, which have the closest

spectralmatchto thebandsof the VNIR CCR, theUofA measurementsagreewith NEC values

to betterthan 1%andthe repeatmeasurementsof theband 1output level show repeatabilityin

ASTER bandsof betterthan0.3%(0.58%wasthe worstcasebut this was for oneof theVNIR

CCR bandsat a wavelengthmuchshorterthanthepassbandsof ASTER). For band3, theNEC

valuesareprobablywithin 1.5%of whata radiometerwith calibrationsconsistentwith theUofA

radiometerwould measure(theNEC calibrationsof the SISaresmoothandcoverboth of the

UofA radiometerbandson eithersideof the ASTERband3).

SWIR CCR: The objective of this project is to design and build a 1000- to 2500-nm

cross-calibration radiometer, test this radiometer, and write control and data acquisition software.

This radiometer is compared to NIST-calibrated and NIST-traceable standards of spectral

irradiance and pressed PTFE (Algoflon) targets. The system is designed around an InSb detector.

Spectral selection is through interference and absorption filters, and the field of view is defined

by a cryogenically-cooled baffle system. A chopper is used to optimize the signal-to-noise ratio.

The measurements made with the SWIR CCR at MELCO in Japan were for the four high-

output settings of the sphere used to calibrate ASTER. The four settings arise because a different

setting is used for bands 4, 5, 6, and 9 of ASTER. The SIS output was measured for all 9 SWIR

CCR bands ranging from 1244 - 2403 nm (1646 nm, 2134 nm, 2164 nm, 2208 nm, 2263 nm,

2332 nm, 2403 nm, plus two shorter-wavelength MODIS bands). Here, only the results of the

bands from 1646 - 2403 nm are discussed as they pertain to ASTER. The SWIR CCR signal-to-

noise ratios were greater than 5500. The calibration values for the MELCO sphere were

consistently 3% to 7.5% higher than those obtained with the SWIR CCR with the shorter

wavelengths having the better agreement. Additionally, a spectral dependence was observed in

the SIS output when changing the sphere output levels. Measurements indicate that this results

from the bare aluminum aperture on the auxiliary sphere as it opened and closed to achieve the

various output levels. It is estimated that this effect may be as large as 2% when comparing the



measurementsat 1646nm and2403nm. To determine the sphere's repeatability, measurements

were made for sphere-level 4 on three different days and for level 5 on two days. Results

indicate that the repeatability was better than 0.5% for 2403 nm, and better than 0.4% for all

other bands.

Spyak performed radiance calibrations traceable to NIST on the SWIR CCR to

characterize the radiometer for the cross-calibration experiments. The estimated error in this

calibration is less than 4%. Spyak characterized the SWIR transfer radiometer using the 40-inch

spherical integrating source (SIS). These included measurements to examine stability,

repeatability, band-to-band consistency, signal-to-noise ratio, sphere uniformity, sphere drift, and

radiometer interactions with the sphere. He also viewed the 6-inch SIS to measure the stability

and repeatability of this source. C. Burkhart made a mount for the tripod assembly to hold the

6-inch SIS in front of the SWIR CCR. This allows the SIS to be viewed in a repeatable fashion

for use during calibration experiments in the field to monitor the radiometer's operation. Spyak

reduced the in-band bandpass filter data. A few filters are slightly out of specification, but the

effect of this is not expected to be significant.

Spyak performed two independent BRF measurements of a barium sulfate, field-reference

panel using the SWIR CCR. Measurements were made with nine bandpasses over the spectral

range from 1244 - 2403 nm. Results from two of the bands are shown in Figures 1 and 2, where

the x-axis is the incident angle

and the detector view is always ......

normal to the sample. As can

be seen in the figures, the two

measurements are in excellent

agreement for both bands. All of

the other bands show similar

agreement indicating excellent

precision.

Spyak completed a draft

of a paper on the SWIR CCR

U.

BRF of BaS04 Panel: Filter M5 (1244 nm)
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Figure 1. Bi-directional reflectance factor of barium

sulfate panel determined from SWIR CCR data for 1244

nlTl.
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Electronics (the InSb detector

manufacturer) for review. E.

Nelson prepared the shipping

containers for the SWIR CCR.

Spyak returned the shipping case

for the SWIR CCR's tripod that

arrived damaged and had it

repaired. J. LaMarr modified the

data collection software for the

radiometer. Spyak reduced the

data from both the US and Japan

experiments.

BRF of BeSO4 Panel: Filter A9 (2403 nm)

Angle (dega.)

Figure 2. Bi2direcfional reflectance factor of barium

sulfate panel determined from SWIR CCR data for 2403

nrn.

He evaluated the SWIR CCR after its return from Japan and it appears to be

working well.

BRDF Meter: The objective for this task is to design and construct a device, and develop

software for measuring the directional reflectance and inferring the bi-directional reflectance

distribution function of the ground. The basic design incorporates a fisheye lens, a CCD-array

detector, and interference filters for spectral selection.

P. Nandy tested the BRDF camera's spatial uniformity and overall system performance

using the fisheye lens and 40-inch SIS. A variety of look angles, bands, and camera orientations

were used. The measurements showed a distribution of circular dark spots that Nandy

determined were not due to the SIS or the fisheye lens. Further testing with a standard Nikon

55-mm lens also showed a bright spot in the center of all images. Nandy sent the camera to

Photometrics for cleaning and to pump and bake the detector array. The camera was tested after

being returned and all of the dark-spots had disappeared. The central bright spot was found to

be an artifact of the 55-mm lens and the spot is not apparent in the fisheye data.

Thome used the camera during a White Sands trip in September to collect several sets of

data. These data were used in an attempt to retrieve the bi-directional reflectance factor along

the azimuth plane of the cross-track direction of the SPOT-HRV sensors. An example of one

of the images is shown in Figure 3. These data were collected at 6:38 am MST on September



6. The striped board in the image is for reference

purposesandis alignedalongthecross-trackdirectionof

theSPOTsatellite. Thedarkstripeson theboardare10

cm wide while the bright stripesare20 cm. Thebright

area near the shadowof the cameraheadis due to a

white box from another piece of equipment. The

increase in signal as the system views towards the

backscatterdirection is clearly evident. Work is

currently being done to remove detectorand optical

effects from the data set. However, the spatialnon-

uniformity of theWhite Sandssite is alsoobviousin the

figure and this causedthe data to be too "noisy" to

accuratelyretrievethe bidirectionalreflectancesfactor.

A possiblesolutionto thisproblemis to raisethecamera

to a higher height (it was operatedat 1.5 m for this

experiment)andto performspatialaveraging.Thegroup

is currently evaluatinghow high the systemshouldbe

mountedto still allow easyoperationof the systemand

overcomethe spatialhomogeneityproblem.

9

Diffuse-to-global meter: The objective of this task is to

design and build an instrument to collect diffuse-to-

global irradiance data. By comparing the diffuse

downwelling irradiance to the global (direct plus diffuse),

an improvement to the atmospheric correction may be

made which reduces the uncertainty of the reflectance-

based method. Currently, global irradiance data are

collected using a radiometer viewing a reflectance panel

and diffuse data are collected by manually positioning a
image

White Sands at 6:38 am MST on

September 6, 1996



parasolto shadethepanel.

morerepeatably.
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Thediffuse-to-globalmeterwill collectthesedataautomaticallyand

B. Crowthercontinuedworkon thediffuse-to-globalmeter. Crowthersentthediffuse-to-

globalmeter'scomputerfor repairandreceivedit back. Crowtherreceivedrepairedstagesfrom

Aerotech andorderedanadditionalfiberoptic cablefor theLiCor andtwo travel casesfor the

diffuse/globalequipment.Thespectrometerandmotorcontrolprogramarenow workingandhe

linked theAerotechandthe GreenleafRS-232libraries. C. Burkhart completeda roughmodel

of the occultor that Crowther testedfor vibration. Burkhart completedthe machiningof the

manualversionof thediffuse-to-globalmeterfor theWhite Sandsfield campaignin November.

He is continuingto work on thefinal versionof the cosinereceptorfor the instrument.

Crowtherconductedcalibrationexperimentsto determinethe responsivityof the LiCor

detectorasa functionof temperatureandthespectralcalibrationof the LiCor. The sourcesused

for thespectralcalibrationweretheOptronicmonochromator,a HeNelaser,andthreeatomicline

sources. Initial resultsindicatethat the bandpassof the LI-1800 is quite closeto the 12-nm

figurespecifiedby LiCor. TheangularresponsetestsuseddatacollectedonMountLemmonand

at White Sands.Datawerecollectedwith threecandidateknife edgeaperturesfor the sphere.

Two of the three days of data collected during the White Sands campaign in early September

were processed. The data from the remaining day, collected with the polished aluminum knife

edge, were not processed because of data collection problems. Both the roughened aluminum

and duraflect knife edges produced results that agree well with the Monte Carlo modeling of the

sphere collector. The main differences appear at zenith angles greater than 70 degrees.

Crowther also made laboratory measurements of the angular response of the sphere

collector for three candidate knife edges. The results of these laboratory measurements are

shown in Figure 4 for the Duraflect knife edge that was selected as the best choice. The graph

also shows the Monte Carlo simulation results for the sphere collector as well as the output of

a ten-term cosine series fit to the laboratory data. This fit reproduces the laboratory data to better

than 0.5% and will be used to account for the angular response of the system in the data

processing.



11

1.1

©
co

c 1.0
0
O_
u_
©

©
>

_o 0.9
(D

rY

0.8

0

I I

Laboratory Measurements __

,_ Monte Carlo results o

_y//o_ °__,_ ; °s'ne series fit ÷

I I

50 60 90

Zenith Angle (degrees)

Figure 4. Comparison of predicted angular response of the diffuse-to-

global based on Monte Carlo modeling of the sphere collector to that

measured in the blacklab.

TIR field radiometer: This part of our work has seen several modifications. The original

objective was to construct cross-calibration radiometers to cover the 3000- to 14500-nm spectral

region, test these radiometers, and write control and data acquisition software. This plan was

dropped because of budget reductions. It was decided to attempt to construct a field-compatible

TIR radiometer which could also operate as a transfer radiometer. This radiometer, designed for

precision only, would cover 8,000 to 14,500 nm. This work was delayed because of budget

constraints. We have since modified our approach and intend to build/purchase a single-band

radiometer that can be calibrated to high accuracy. This radiometer will be used for the vicarious

calibration of a single band of both MODIS and ASTER. The intent is to use this single-band

calibration to validate the results from the MODIS and ASTER onboard blackbodies. We are

now presently evaluating commercially available systems to determine if they can meet our needs

for this purpose. In addition, we continue to evaluate several other TIR radiometers.

Sicard cleaned the objective element of the Cimel TIR radiometer. He received software

from Cimel to collect 16 data points per second and is still evaluating this software and data
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collection mode. Sicard wrote software to account for filter-spectral transmittancewhen

computingtheresponsivityof CimelTIR radiometer,andthiswasusedto computea new setof

calibrationequationsfor theradiometer.Sicardcomputedthenoise-equivalentdeltatemperature

usingtwo independentmethodsandfoundsimilar results. Heperformedanothercalibrationof

the radiometerfor a variety of temperaturesbetween263 and 353 K. He found a first order

polynomialrelatingDN andradiance,a third orderpolynomialrelatingDN andtemperature,and

a third orderpolynomialrelatingthechangein DN for a 1 K temperaturechangeasa function

of temperature. He also computedthe noise-equivalentdeltatemperaturesand radiancesas a

functionof temperature.Theresultsfromthis workagreeto betterthan0.4%comparedwith the

calibrationdatafrom last March.

Sicarddevelopedsoftwareto incorporatespectralemissivityin the dataprocessing.He

also developedsoftwareto computethe band-integratedtransmittanceof the system'sfilters.

SicardreceivedJornadagrounddataandemissivitymeasurementfrom ASTER ScienceTeam

member,T. Schmuggeand RailroadValley emissivity data from S. Hook of JPL. He also

received Lunar Lake TIR data from H. Tonookaof the ASTER ScienceTeam. Sicard

reprocessed the Lunar Lake, Lake Tahoe, and Jomada data with the updated software and

emissivity data and sent the Lunar Lake results to Hook and F. Palluconi of JPL. The Lake

Tahoe data shows good agreement between the four bands of the Cimel. The Lunar Lake data

shows the site to be spatially uniform. The Cimel data also agree well qualitatively with data

from the Everest transducer and the system operated by the Japanese. The quantitative agreement

is not as good with an approximate bias of 2K between the systems. The source of this

difference has not been identified.

Sicard presented preliminary results at a meeting held by Cimel on July 26th, in Avignon,

France. In the presentation, Sicard showed comparisons with measurements of several surfaces

made with an Everest IRT at Jornada. Comparison data from Lunar Lake were also shown.

Sicard concluded that the CIMEL is stable for ambient temperatures between 10 and 40°C, the

response for the four filters shows good agreement, and the calibration done in the lab is different

by 1% in radiance from that determined from field measurements. Sicard suggested that Cimel

install an internal blackbody, develop a temperature-controlled box, increase the data acquisition

rate, and improve the accuracy of the detector thermometer.
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Sicard,Spyak,andZalewskimadeplansfor a field campaignto JomadaExperimental

RangenearLasCruces,New Mexico thatwasorganizedby ASTER ScienceTeammember,T.

Schmugge,andtookplaceSeptember10-12. Theresultsfrom theSeptemberJomadaexperiment

show better agreementbetweenthe Cimel and Everest,mostly due to the low temperatures,

cloudy skies,andwet surface.

Calibration Laboratory: The objective of this project is to develop a calibration laboratory that

will provide the necessary high-radiometric-accuracy standards and characterization set-ups for

1) the cross-calibration radiometers and 2) the field and aircraft radiometers needed for preflight

algorithm and code validation and the actual in-flight calibration of the EOS multispectral

imaging sensors beyond 1998.

Our blacklab facility was used by representatives from UCLA to characterize the

aluminum diffuser for PMIRR (Mars Observer replacement instrument). Biggar modified

hardware and software in the blacklab to prepare it for use by the UCLA personnel. In response

to problems with the blacklab computer, Biggar and T. Mitchell began modifying the blacklab

software to operate on a new Pentium class computer. They determined how to move a linear

stage with the U100 controller via the GPIB interface. There are still some minor difficulties in

controlling the Unidex stages in the blacklab through the GPIB interface, but progress has been

made. Mitchell derived center wavelengths and bandpasses of the interference filters for the

blacklab radiometer using the full-width-half-maximum and moment methods.

Spyak sent Ultra-Pol (black cloth) samples to J. Young of SBRS for testing. Spyak

evacuated the InSb dewar for the Optronic monochromator. Spyak ordered a new laser for the

blacklab. P. Spyak received a 1000-W irradiance standard, black material, and miscellaneous

hardware for the calibration laboratory. Nelson rebuilt the blacklab VNIR radiometer detector

assembly to temperature control it and to reduce noise by putting the amplifier in the detector

assembly.

Spyak and J. LaMarr began a study to determine the effects of atmospheric absorption in

laboratory measurements. The initial step in this procedure is to determine the reliability of using

MODTRAN in predicting the atmospheric absorption over short horizontal path-lengths of

perhaps a few meters. Previous verifications of MODTRAN have primarily been performed over
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long path lengths(often 1000m or more), so, the reliability in using MODTRAN to predict

absorptions in laboratory is only conjecture. Using a spectroradiometricsystem, and

measurementsof humidity and temperature,spectral-atmospheric-transmittancemeasurements

weremadeover severalatmosphericabsorptionbandsandthe datacomparedto that predicted

by MODTRAN. Figure 5 showsthe resultsof one of thesecomparisonsfor the water vapor

absorptionbandin thespectralrangefrom 1330to 1500nm. Thewater vaporamountusedin

theMODTRAN runwasthatdeterminedby a humiditysensorplacedinsidethemonochromator.

We attemptedto simulatethe spectralpropertiesof the monochromatormeasurements(center

wavelengthandslit width) aswell aspossible,but therearestill somedifferencesin the center

wavelengthsbecauseMODTRAN computestransmittancein evenwavenumberintervalswhile

themonochromatorcollectsdataat evenwavelengthintervals. Evenwith thesedifferences,the

resultsof the comparisonsarequite good.

Atmospheric Transmittance: Measured vs. MODTRAN

1.0000

0.9800

0.8800
r: 23.81%

0.8600

1250 1300 1350 1400 1450 1500 1550 1500 1850

Wavelength (nm)

Measured

-- MODTRAN

Figure 5. Comparison of measured atmospheric transmittance within the Optronic

monochromator and predicted transmittance computed by MODTRAN.
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Algorithm and Code Development: Currently, several algorithms exist to perform our

calibration work. The RSG has applied these algorithms as FORTRAN programs which are

neither user friendly nor efficiently linked together into a single package. The task objective is

to convert these existing codes into ANSI standard C in a user-friendly package with rules-based

decision making in the package. The group is now also involved in the atmospheric correction

of ASTER data in the solar-reflective portion of the spectrum

R. Parada adapted radiative transfer code software written in France to run on our

computer system. He found a bug in the wave-slope modeling in the code and fixed this. He

used this code for a sensitivity analysis of the radiance-based approach for vicarious calibration

using both Lake Tahoe and the open ocean. Parada received several improvements of successive

orders radiative transfer code from R. Santer. Parada completed a first attempt at the calibration

of AVIRIS data from June 1995 corresponding to the SeaWiFS wavelengths and summarized the

results of this work in the EUROPTO paper that Thome presented.

K. Scott continues development of the cross-calibration software that is being written in

IDL. Currently, most of the development centers around the creation of a user interface to the

French radiative transfer program 6S. The input module is an IDL widget (graphical user

interface) that provides the user with most of the input options available in 6S. In addition,

spectral reflectance functions for Lunar Lake, Railroad Valley, and White Sands are included as

defaults that the user can elect. After data have been entered, the program writes both a user

readable output file and a 6S readable file, and then calls the 6S program. The module will be

integrated as part of the cross-calibration software program, but will also be operable as a

stand-alone module.

P. Nandy wrote IDL software that streamlines the ASD FR data processing routines. The

code strips and decodes the header segments of multiple data files and graphs the data in a

format similar to that of the PC-based ASD software. The software also processes the header

information and spectrometer data from multiple ASD files and compiles them into a single file

readable by our reflectance-retrieval software. The software allows the user to select a particular

set of ASD data files, converts these to the appropriate format, and then initiates the

reflectance-retrieval software.
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P. MCIntoshdevelopedsoftwareto computeband-averagedsurfacereflectancegiven the

spectralresponseof a radiometerandhyperspectralsurfacereflectancedata. This softwarewill

beusedfor comparingthe reflectancederivedby thefour-bandExotechand seven-bandMMR

radiometersto thehigherspectralresolutiondatafrom the ASD FieldSpecFR.

Field Experiments and Equipment: The objectives of the field experiments are to test new

equipment, determine needed improvements, test retrieval algorithms and code, and monitor

existing satellites in much the same way as we shall for EOS sensors.

C. Gustafson computed image registration and digitization errors in cross-calibration data

using the TM imagery from White Sands from October 1994. She found several 2-kin by 2-km

areas where there is no change in a calibration coefficient derived from cross-calibration using

data that is misregistered by as much as 0.5 km. Several 4-km by 4-km areas were found where

the error is less than 1% for the same misregistration and 10-km by 10-km areas where the error

is less than 3%. Similar results were obtained using HRV data from the same time period.

LaMarr reviewed what is needed to upgrade the autotracker. He designed a mount for

testing the autotracker filter encoding and completed ND filter measurements and out-of-band

measurements on spectral filters. Biggar and Crowther replaced the controller board in the Helios

data logger. Spyak ordered and received a Spectralon panel for field work, and four shipping

cases for field reflectance equipment. R. Kingston developed software to allow surface

reflectance data collection with our Polycorders.

Thome completed the processing of the reflectance-based data from the First Joint

Vicarious Calibration Campaign at Lunar Lake. Predicted radiances at the top of the atmosphere

have been determined at 1-nm intervals from 350 to 2500 nm for all data sets from June 1, 2,

3, and 4. The processing was done using both MMR and FieldSpec derived reflectances and for

all targets of each data set. This amounts to a total of 66 sets of radiative transfer output at the

above wavelengths.

Parada planned and coordinated a field campaign to Lake Tahoe that took place July 21-

31. The goal of the campaign was to collect data to validate the use of the successive orders

radiative transfer code over the lake and the collection of data for the calibration of AVHRR

(NOAA-14). C. Curtis, LaMarr, Nelson, Parada, and Thome participated. Biggar, Crowther,
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Parada,Spyak,andThometraveledto White Sandsto collect datafor severalSPOT-2and -3

calibrationsSeptember4-9, andThomeprocessedthedatafrom this trip. Crowther,MClntosh,

Nandy,Parada,andThometraveledto White SandsNovember14-16to calibrateLandsat-5TM

and SPOT-2HRV. The campaignwasplannedby Crowtherand was to be usedto test the

manualversionof thediffuse-to-globalmeter. Unfortunately,poor weatherpreventedanyusable

datafrom beingcollected. BiggarandCrowthertraveledto White SandsDecember12-16in an

effort to test thediffuse-to-globalinstrument.Thetwo, assistedby WSMR personnel,collected

data for two simulatedSPOToverpasseson December13 and 16, and an actual Landsat-5

overpasson December16.

Crowthertraveledto Wilcox Playato collectreflectancedatato evaluatethe potentialof

the site for calibrationwork. Theplayais about130km southeastof Tucson. Crowther found

thereflectanceof thesite is only about0.20to 0.25 in thevisible regionbut is about0.45at 1.7

microns. The site is not very uniformbut is largeenoughto beseenby largefootprint sensors.

Furtherwork is plannedto betterquantifythe spatialuniformity and spectralcharacteristicsof

this site.

K. Thomecollectedseveraldaysworth of solar radiometerdatawith the 10-channel

instrumentto evaluateits calibration. Heverifiedthatthesystemhascontinuallydegradedsince

last March. He attemptedto get the Cimel solarradiometeroperatingon theroof of the OSC

building but was unable to get the transmitteroperational. The radiometeritself operated

properlythroughoutmostof November. Thomepackedup theCimel solarradiometerand sent

it to GSFCwherethefilterswill be replacedwith newIAD filters,thetelescopewill be replaced

to reducethe out-of-field responseof the system,andthe systemwill be calibratedusing the

GSFCSIS. Theywill alsoattemptto fix thetransmitter.Thesystemshouldbereturnedin early

February.

Faculty, staff, and students: The personnel presently associated with the RSG are as follows.

Faculty: Biggar, Slater, Spyak, Thome, and Zalewski. Staff: Burkhart, Kingston, Nelson, Recker,

and Sicard. Students: Crowther* (Ph.D.), Gustafson (MS), LaMarr (Ph.D.), MCIntosh

(undergraduate), Myers (undergraduate), Nandy (Ph.D.), Parada* (Ph.D.), Scott* (Ph.D.), and J.

Walker* (Ph.D.). Those with an asterisk following their names have passed the Ph.D.
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PreliminaryExaminationandaremainlyworkingon theirPh.D.research.Crowtherhasa NASA

Fellowship under the GraduateStudentResearchProgram,and Paradahas a NASA Global

ChangeFellowship. Gustafson,Scott,andWalker are independentlyfundedand the rest are

supportedby this andothercontracts.


